Objective : There is no clear treatment strategy for the management of multiple intracranial aneurysms because of variable anatomical distribution, difficult identification of the aneurysm ruptured, and poor overall outcomes. The purpose of this study was to assess the efficacy and safety of single-session coil embolization for multiple intracranial aneurysms.
INTRODUCTION
Detection rate of multiple intracranial aneurysms has significantly increased with recent advances in imaging techniques. Approximately 15-35% of patients presenting with subarachnoid hemorrhage (SAH) were found to have multiple intracranial aneurysms. 11)14) The management of patients with multiple intracranial aneurysms had been on discussion because of variations in anatomic distribution, difficulties in determination of the ruptured aneurysms, and poor overall outcomes in the setting of SAH. 15) Although several groups have advocated microsurgical clip ablation of all lesions in a single operation or through multimodality approaches, no clear treatment strategy exists because many multiple aneurysms have bilateral distribution, and even located anterior-posteriorly in a subset of patients.
2-4)12)16)
In this study, we reviewed our experience of treating patients with multiple intracranial aneurysms, and assessed the efficacy and safety of single-session coil embolization of multiple intracranial aneurysms. Eighty-nine of the patients were expected to require several treatment sessions for complete obliteration of all aneurysms, so they were excluded. Accordingly, 28 patients (5 men and 23 women, 31 to 77 years old) with 71 aneurysms were included for the analysis. All of these patients had multiple aneurysms and underwent coil embolization for more than 2 aneurysms in a single session. Out of the 71 aneurysms, 60 aneurysms were managed this way.
PATIENTS AND METHODS

Studies
Initial clinical presentation was documented according to the Hunt and Hess grading system. 8) Diagnosis of SAH was made using computed tomography (CT).
The amount of blood noted on the initial CT scan was classified according to the Fisher grading system. 6) Immediate post-embolization angiography of each aneurysm was assigned to the 3 categories suggested by Raymond et al.; 17) class 1= complete obliteration, class 2= residual neck; and class 3= residual aneurysm. In patients with unruptured aneurysms, antiplatelet medication was administrated before each procedure.
Endovascular treatment
Systemic heparinization was performed during the procedure with a bolus of 2000 U of heparin after femoral sheath placement and intermittent 1000 U/h boluses during the entire procedure.
RESULTS
Three quarters of patients (75%) were diagnosed with acute ruptures. The Hunt and Hess grades at the time of treatment in the ruptured group were Grade II in 7 patients, Grade III in 8 patients, and Grade IV and V in 5 and 1 patient. The remaining 7 patients had multiple aneurysms without SAH (Table 1) .
Sixty out of the total 71 aneurysms were successfully embolized. Eleven aneurysms were unsuitable for endovascular treatment either because these were wide neck and a 6-mm sized middle cerebral artery bifurcation aneurysm with a wide neck (Fig. 1B, 1C ).
The right internal carotid angiogram showed a 4.5-mm sized MCA bifurcation aneurysm with a wide neck (Fig. 1D) . We decided that the left pericallosal artery aneurysm was the cause of bleeding because of its proximity to the ICH. All 3 of these aneurysms were embolized in a single procedure. Under general anesthesia, a 6F guiding catheter was placed at the left ICA. The ruptured pericallosal aneurysm was selected with a microcatheter, and 4 detachable coils were delivered into the aneurysm lumen (Fig. 1E) .
After confirming complete obliteration of the pericallosal aneurysm, the left MCA bifurcation aneurysm was selected with the same microcatheter. Although the aneurysm was wide-necked, the initial coil deployed provided a stable frame for 5 additional detachable coils into the aneurysm sac. Repeated angiogram showed a nearly complete embolization of the MCA bifurcation aneurysm and good patency of the MCA (Fig. 1F) . Finally, we repositioned the same guiding catheter to the right ICA. Five detachable coils were enough for near-complete obliteration (Fig.   1G ). The course of procedure and subsequent recovery was uneventful. The patient did not experience post-procedural contrast-induced complications. A follow-up magnetic resonance angiography confirmed continued occlusion of aneurysms and wide patency of the parent arteries (Fig. 1H ).
DISCUSSION
The risk of rupture is higher for patients with multiple intracranial aneurysms than in patients with a single intracranial aneurysm. 18) In addition, the outcomes are significantly poorer for those patients with multiple intracranial aneurysms. 
